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(54) Controlling dot size in image forming apparatus using lasers 



(57) A method and apparatus to accurately control 
the size of the spots or dots produced by individual lasers 
[32] within an array of lasers of an image scanning device 
[30] is disclosed. The lasers {32) are driven in accord- 
ance with image information indicating an image to be 
scanned onto the image bearing member. Output inten- 
sity feedback information from each of the lasers [32] is 
obtained by monitoring an intensity output from each of 
the lasers [32]. using this feedback rrrforrnation, the driv- 



ing energy values of the lasers P2] are adjusted to over- 
come any unwanted ronunrformrties or otherwise 
calixated. The invention is implemented* an image 
scanning/forming apparatus utifizing the invention is able 
to scan or print with an array of lasers [32] without being 
susceptible to streaks and other defects which otherwise 
occur during the printing or scanning of an image when 
all of the lasers [32] do not function in a uniform and con- 
sistent manner. 
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Description 

The present invention relates to image forming 
devices and, more particularly, to laser-based image 
scanning devices having a plurality of lasers. s 

ConventtonaBy, the lasers within an array of lasers 
are all designed to have the same intensity output for a 
given driving vottaga However, when actual manufactur- 
ing of the semiconductor lasers takes place, differences 
in intensity performance occur among the lasers within 
the array As a result the lasers within an array wiD each 
have cfifferent intensity responses to a grvendrivirxj vott- 
aga The different intensity responses will result ina lack 
of itrttformity among the lasers of the array. As a conse- 
quence, for a given applied driving voltage, the spots pro- 
duced by the various lasers in the array wffl 
sizes. This causes image quality to suffer because pre- 
cise control of spot size amongst an array of lasers is 
unavailable which makes streaks and other defects ikely 
to occur in a scanned or printed image 

Thus, there is a need to precisely control the size of 
spots produced by an array of lasers. 

Broadly speaking, the invert is a novel technique 
to accurately control the size of the spots or dots pro- 
duced by individual lasers within an array of lasers. The 
advantage of such control is that the lasers 
array can be operated in an uniform and consistent man- 
ner, regardless of any physical, environmental or opera- 
tional nonunifm 1 1 ■ lies. 

As a method, the invention controls an image scan- 
ning device having a plurality of lasers such that spots 
produced on an image bearing member are of a pre- 
cisely controlled size. The method receives image infor- 
mation indicating an image to be scanned onto the image 
bearing member, and drives the lasers in accordance 
with the image information. Output intensity feedback 
information from each of the lasers is obtained by mon- 
itoring an intensity output from each of the lasers. Using 
this feedback information, the driving energy vahjes of 
the lasers are adjusted to overcome any unwanted non- 
unrtormrbes. 

Another method implementation of the invention is 
primarily concerned with catibration off the lasers with an 
array of lasers for an image forming apparatus. The 
method drives the lasers at some predetermined level 
and receives output intensity data from a plurafity of the 
lasers by monrtoring the lasers using photodetector 
units. Then, the output intensity data from each of the 
plurality of lasers is compared with trie rest of the pturafty 
of lasers to produce comparison information. Based on 
the comparison information, the pturafty of the bsers are 
then calibrated with one another. 

The invention can also be implemented as an appa- 
ratus. An apparatus implementation of the invention 
includes an array of surface emitting lasers and a scan- 
ning system which combine to produce laser scan tines 
on the surface of an image bearing member. The appa- 
ratus also includes a monitoring means and a dot size 
control unrt The monitoring means operates to monitor 



intensity of each of the laser beams being produced by 
the array of lasers and to produce a feedback intensity 
value for each of the laser beams. The dot size control 
unit controls the size of the spots produced by each of 
the lasers by driving the lasers in accordance with the 
feedback intensity value associated therewith. 

Regardless of how the invention is implemented, an 
image scanning/forming apparatus utilizing the invention 
is able to scan or print with an array of lasers without 
being susceptible to streaks and other detects which oth- 
erwise occur during the printing or scanning of an image 
when al of the lasers do not function in a uniform and 
consistent manner. 

The present invention wiB be readSy understood by 
the following detailed description of exemplary embodi- 
ments thereof, in conjunction with the accompanying 
drawings, wherein like reference numerals designate like 
structural elements, and in which; 

Rg.1 isaschemafcdiagramofaconven 

beam scanning apparatus; 

Ftg.2 is a block diagram of a laser beam scanning 

apparatus according to the invention; 

Rg.3 is a flow chart of a first embodiment of a laser 

control method according to the invention; 

Rg& 4A and 4B are diagrams of laser beam intensity 

profles verses radius of the laser beam to explain 

offering dot sizes; 

Ftg.5 is a flow chart of a second embodiment of a 
laser control method according to the invention; and 
Rg.6 is a diagram of a thin f 3m construction of a sur- 
face emrttmg laser. 

Embodiments of the invention are discussed below 
with reference to figures 1-6. However, those skilled in 
the art wil reaeffly appreciate that thedetafled description 
given herein with respect to these figures is for explana- 
tory purposes as the inverttfon extends 

ill I* l l l mil 

itea emrjoomerrts. 

Rg.1 is a schematic diagram of a known laser beam 
scanning unrt The laser beam scanning unrt 2 includes 
a surface emitting seniconductor laser array 4 having a 
pturatty of Sght emitting lasers 6 twcHimensionalry op- 
posed thereon. The intensity of the laser beams pro- 
duced by the lasers 6 is discretely controlled by a control 
unit a Laser beams emitted from the lasers 6 are cotfi- 
mated by a colfimator lens 10 to produce laser beams 
with a predetermined beam di a meter. The laser beams 
then strike a facet of a rotating porygon mirror 12 and are 
directed through an objective lens 1 4 and onto an image 
bearing member 16l The laser beams striking the mge 
bearing member 16 form spots 18 along scan lines 20 
produced by rotating the porygon mirror 12. Further, 
details on the laser beam scanning unit shown in Rg.1 
are described in European Patent Publication 0544002 
Al. 

The developmerrt of surtax emitting lasers has faci- 
rtated the practicality of using a laser beam scanning 
device with an array of lasers such as fflustratedinFig.t. 
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The tffficutty, however, wrth printing with an array of 
lasers is that such a printing device is susceptible to 
streaks and other defects which may occur during the 
printing or scanning of an image when all of the lasers 
do not function in a uniform and consistent manner, ft 
has been observed that even when the lasers are formed 
on a single substrate, the intensity of light emitted for a 
given applied voltage can cfiffer by as much as 50%. Not 
surprisinojy, this lack of uniformity among lasers causes 
the printed image quality to suffer. The present invention 
overcomes this problem associated with prior art by 
monitoring the intensity output from each of the lasers 
and using this information to make ad just ment s to the 
driving voltage being appfced to incSvidual lasers. 

FIGL 2 is a block diagram of a laser beam scanning 
apparatus 30 accorcfing to the invention. The laser beam 
scanning apparatus 30 includes an array of surface emit- 
ting lasers (SELs) 32. Each laser 32 within the array is 
incfividuallycontrollab^ 

beam. Each of the lasers 32 also has a photodetection 
unit 33 coupled thereto. Each of the photodetection units 
33 provides intensity feedback information on the inten- 
sity of the laser beam being produced by the correspond- 
ing laser 32. The formation of the pr^ 
for each of the individual lasers 32 is described in more 
detail below in FIGL 6. 

The laser beam scanning apparatus 30 also 
includes a surface emitting laser (SEL) controller 34 
which operates to discretely control the array of lasers 
32. The SEL controller 34 receives real-time intensity 
feedback information from the photodetection units 33 
associated with each of the lasers 32 via wires 36. The 
SEL controller 34 also receives image information 38 
which directs the SEL controller 34 on the particular 
image to be printed. A cafibratfon table 40 is also con- 
nected to the SEL controller 34. The cafibration table 40 
stores calforafion in formation which is used by the SEL 
controBer 34 to operate the array of lasers 32 in a uniform 
manner despite their physical differences. The physical 
Differences of the array of lasers include, tor example, 
variations in laser electrical resistance, laser aperture 
variations, responsi v eness of active regions, and per- 
formance erf Bragg reflectors 
duces SEL control signals 42 tor the array of lasers 32 
in accordance with the image information 38, the inten- 
sity feedback information and perhaps information from 
the caJbration table 40. 

The operation of the laser beam scanning apparatus 
30 shown in FIG. 2 is descnbed « more detail below with 
reference to FIGs. 3. 4A. 4B and 5. 

FIG. 3 is a block diagram of a first enfeoffment of a 
SEL control method 50 accorcfing to the invention. The 
SEL control method 50 begins by receiving 52 the image 
in formation 38. The image information 38 details the 
image to be scanned or printed. Thereafter, certain of 
the lasers 32 are driven 54 in accordance with the image 
i n forma ti on 38. As the lasers 32 are being driven 54. out- 
put intensity data from each of the lasers 32 is moni to r ed 



5a The photodetection unit 33 shown in FIG. 2 is exem- 
plary of a device which performs the monitoring function. 

Using the known photoresponse characteristics of 
the image bearing member of the laser beam scanning 

5 apparatus 30. the SEL controller 34 determines a drive 
voltage amount in which to drive 54 certain of the lasers 
32 so as to produce the desired spots on the image bear- 
ing member. When the monitored output intensity data 
values are different from those intended or expected, the 

w drive voltage amounts used to drive the certain of the 
lasers 32 are adjusted 58 in accordance with the moni- 
tored output intensity data. The monitored output inten- 
sity values for the certain of the lasers 32 could deviate 
from their expected intensity for a number of reasons. 

is including laser aperture variations, laser electrical resist- 
ance variations, laser temperature variations, or other 
physical or environmental variations. For example, if first 
and second lasers are to produce identical spots and the 
electrical resistance of these lasers differ, then driving 

20 the lasers wHh the sarnevoHagewra produce so 

are not identical. Hence, the invention adjusts the driving 
voltage supplied to the first and second lasers such that 
the laser which is less efficient (responsive) is driven at 
a greater voltage than the laser which is more efficient 

25 Accordingly, this embodiment insures that the size of the 
spot produced by each of the activated lasers wfll be 
exactly the size of the spot requested or required by the 
image information, regardless of any physical or environ- 
mental differences between the lasers of the array. 

30 The diagrams of laser beam profiles verses radius 
of the laser beams shown in FIGs. 4A and 4B are used 
to explain how different dot sizes are produced. Gener- 
ally speaking, the beam intensity imrjinging on an image 
bearing member of a laser beam scanning apparatus is 

as of a substantially symmetrical gaussian profile. Hence, 
for a given laser beam, there will be a radius about the 
center of the beam within which the beam intensity is suf- 
ficient to discharge the photoconductor associated with 
the image bearing member, and beyond wttch the inten- 

40 sity is too low to sufficiently discharge the photoconduc- 
tor for printing. The beam intensity which is sufficient to 
cSscharge the pho to conductor isreferredtoasathresh- 
old intensity (Hh) In FIG. 4A. a spot of diameter is 
produced because the portion of intensity curve 60 

45 exceecfinglj^cccTespc^KtetoaBpotofdiarneterDi.S^ 
forty, in FIG. 4B. a dot of diameter D 2 is produced 
because the portion of intensity curve 62 exceeding ^ 
corresponds to a spot of diameter 
Consequently, as the laser beam is increased in inten- 
se sity, the radius of the spot produced increases, and as 
the laser beam is decreased in intensity, the radius of the 
size of the spot decreases. 

Since the photodetection unft 33 allows precise con- 
troJ of the beam intensity of each laser 32, the size of the 

55 spot produced on the photoconductor can be precisely 
controlled once the discharge characteristics erf the pho- 
toconductor are known. In practice, the relationship 
between scanned spot size (or printed dot size) and laser 
intensity are known and can be stored digitally in the 
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memory of a printer or other laser beam scanning appa- 
ratus. As image information (eg., grayscale data) is fed 
into the scanning apparatus (printer), the value for each 
pixel can be converted to laser intensity using a table 
Then, during scanning (or printing), the driving voltages 
for the lasers can be adjusted so that the Intensity of the 
lasers matches the intensity required to produce the spot 
of the size desired. This technique is advantageous over 
conventional binary grayscale imaging techniques, e.g., 
error diffusion, cSther and super pixefing, because the 
gray scale value is not spread over adjacent pixels but is 
controlled accurately at each pixel to maintain image 
sharpness. 

RG. 5 is a flow chart of a second ernborJment of a 
laser control method according to the invention. In this 
embodiment, the adjusting is done in two stages. In a 
first stage, the lasers are calibrated against one another 
to provide uniform operation despite physical differences 
between the lasers. Typically, this first stage would be 
performed at the factory. Then, in a second stage, the 
lasers are monitored and adjusted in real-time to com- 
pensate for an other nonunilorniUes. 

The laser control method 64 begins by receiving 66 
the image information 38. A factory calixation would 
already have been performed. Hence, before scanning 
or printing, the laser control method 64 woukJ have 
received 68 calibration information for each of the lasers 
32. The calibration information quantifies the relationship 
between driving voltage and resulting intensity for each 
of the lasers. Hence, the calibration information relates 
to a drive voltage-to-intensity profie for each of the 
lasers. As an example, the calibration information could 
be obtained by driving aD the lasers 32 with a predeter- 
mined fixed voltage and then recording the resulting 
intensity values using the photodetection units 33. The 
number of points of comparison needed for calibration 
over the operating intensity range of the lasers 32 wil 
depend on how linear the relationship between output 
intensity and applied voltage are. ki any case; the cafi- 
DfoDon vuorrnaDon can do sxoreo m tne cauoraiion one 
40 as shown in FIG. 2. 

Next, the SEL controller 34 c^terrrtines 70 a driving 
energy value needed for each of the lasers to produce 
the desired information. These driving energy values are 
determined 70 based on the image information 38, the 
calibration i nformation, and the known photor esponse 
characteristics of the image bearing member. The image 
information 38 and the photor esponse characteristics of 
the image bearing member are used Id determine the 
intensity of the spot to be produced by a laser at a given 
point of time. The calibration information is then used to 
determine the driving voltage needed toobtain the inten- 
sity needed. Hence, by using the cafibration information, 
the SEL controBer 34 is able to drive each of the lasers 
in a different, although consistent, manner so that the 
laser-to-laser intensity or resulting spot size would be 
adjusted to compensate for physical differences in the 
output efficiency of the lasers 32. 



Further, as the lasers 32 are being driven by the 
determined driving energy values, the SEL controller 34 
monitors 72 the output intensity data from each of the 
lasers 32 in real-time. Using this real-time output inten- 

5 srty data, the SEL controller 34 adjusts 74 the driving 
energy values being supplied to each of the lasers 32 to 
the extent necessary so as to compensate for environ- 
mental, operational or physical nonuniforms es. An 
example of a environmental nonurufbrrruty is ambient 

io temperature which can have an effect on the intensity of 
the laser beams produced for a given driving voltage. An 
example of an operational nonunrformity is the relative 
temperature of the various lasers, laser which have been 
continuously printing wffl be hotter than those which have 

15 been printing intermittently. AO other variables being 
equal, a hot laser will produce a different intensity output 
than will a cold laser. This differing output results 
because temperature variations impact the spectral 
alignment of the active and Bragg layers, and because 

20 the active layers are semkxxxluctor layers which have a 
Known sensitivity to temperature. Although the more 
substantial physical differences are compensated for by 
the calibration stage, operational variations or non uni- 
formities are also compensated for. Examples of opera- 

25 tional nonunifof n lilies include, for example, print duty 
cycle, laser temperature, ambient temperature and the 
fflce. Preferably, but not necessarfly, these operational 
variations are compensated on a per laser basis since 
the print duty cycle and laser temperature of each laser 

30 is likely different Print duty cycle relates to the amount 
of printing done by a laser just prior to the current print- 
ing. The more an individual laser is on for printing, the 
hotter it gets and, generally, the lower its power output 
FIG. 6 is a cross-section of a thin film construction 

35 of a surface emitting laser 32. The surface emitting laser 
32 is designed to emit I ight at a wavelength of X/im, where 
mode m is an integer. The laser 32 comprises an active 
(photon generation) region 80 clad on each side by 
Bragg reflectors 84 and 86. The Bragg reflectors 84 and 

40 86 consist of layers 85 and 87 of p-doped and n-doped 
material, respectively, to form a P-N junction across the 
active region 80. The Bragg reflectors 84 and 86 are a 
periodic structure of thin semiconductor or dielectric 
films with alternating refractive indices. Each of the lay- 

45 ers85arxJ87haveanoptk^thktaessofX/4. The active 
region 80 is deposited central to an optical cavity 82 hav- 
ing an optical thickness x. The cavity 82 is constructed 
from a relatively high or low refractive index material 
compared to the abutting layers of Bragg reflectors 84 

so and 86. 

Light generated by the active region 80 is reflected 
by the various layers 85 and 87 of the Bragg reflectors 
84 and 86 so that most of the light is reflected back into 
the cavity 82. Wave interference within the layers 
55 re du c e s the light to standing waves of wavelength A/m. 
By designating Bragg reflectors 84 and 86 to be some- 
what less than totatfy reflective, coherent light C of wave- 
length Vm is emitted perpendicular to the plane of the 
optical layers* By proper selection of layer materials and 



4 



7 



EP0710005A2 



8 



thicknesses, the emission of the laser can be reduced to 
a single tongftudira) mode: 

The entire structure for the laser 32 is deposited on 
a substrate 88. MetaJ electrodes 90, 92 and 96 are also 
deposited over the substrate 88 and the Bragg reflector s 
84. Electrodes 90 and 92 are used to electrically stimu- 
late the laser. The electrodes 90 and 96 are used in 
measuring the intensity of the light prod uc ed by the laser, 
that is, the light emitted through the aperture of the laser. 

The laser 32. shown in BG. 6, is activated by forward 10 
biasing the electrode 92 with respect to electrode 90. 
This forward biasing is achieved by a forward biasing unit 
92 depicted in RGL & Typically, the forward biasing unit 
92 is a DC voftage source with its positive potential con- 
nected to electrode 92 and its negative potential con- is 
nected to electrode 90. 

To obtain the feedback intensity information, the 
electrode 96 is reversed biased with respect to electrode 
90. This reverse biasing is provided by a reverse biasing 
unit 100 which is also depicted in RGL 6. The reverse 20 
biasing unit 100 may be a DC voltage source with its pos- 
itive potential (X)nnected to electrode 90 and 
potential connected to electrode 96. By reverse biasing 
the laser 32 in this manner, a small photocurrent is pro- 
duced between the electrode 96 and electrode 90. The zs 
small photocurrent is produced by a small portion of the 
light produced by the active region 80 which, due to 
reflections, reflects laterally in the cavity 82 instead of 
vertically as substantially all of the light does. A photo- 
current detector 98, which is coupled between dec- 30 
trades 96 and 90, detects the level of photocurrent being 
produced. For example, the photocurrent detector 98 
could be a resistor which would convert the detected cur- 
rent to a vottaga Experimentation has 
small fraction of photons producing the current in their 35 
reverse biasing circuitry is essentiaBy or roughly, linearly 
related to the intensity of the kght C being emitted 
through the aperture 95. 

Thus, the photodetectfon und 33 (FIG. 2). n effect 
includes part of the laser 32 itself (a current generating 40 
portion which produces the photocurrent that is related 
to the intensity) and adcftionafly the circuitry (current 
detecting portion) coupled to electrode 96, namely the 
photocurrent detector 98 and the reverse biasing unit 
100. Although all parts of the photodetectionunft33are 45 
closely coupled to the laser, only the current generating 
portion of the photodetection unit 33 need be integral 
with the laser. 

An exemplary SEL structure consists of 30.5 pairs 
of alternating AIGaAs and Al As layers epHaxiaDy grown so 
by molecular beam epitaxy on a N-type GaAs water to 
form the inner bragg reflector 86. The active layer 80 is 
next deposited and comprises three to five quantum 
wells of either AIGaAs or GaAs. Next, 20 pairs of AIGaAs 
and AlAs layers to form the outer Bragg reflector 84. The 55 
alternating AIGaAs and AlAs layers are constructed in a 
graded short period super lattice to reduce electrical 
resistance and band offset across the layer interfaces, 
as is we* known in the art A region 93 of the Bragg reflec- 



tor 84 cfrectty below the metafized portion of the elec- 
trode 92 is proton bombarded to confine current and 
tewise photon generation to the region of the aperture 
of the laser 32. The electrode 92 is a ring p-type contact 
metafized electrode which is deposited on the outer 
Bragg reflector 84, and the electrode 90 is an n-type con- 
tact metalized electrode placed on the back of the n-type 
GaAs substrate 88. 

There are many other ways to construct a surface 
emitting laser and to detect laser beam intensity besides 
the design shown in Rg.6. The invention is only limited 
by the scope of the attached claims. Such additional 
approaches are described in a commonly owned US. 
patent appfcation entitled "INTEGRATION OF PHOTO- 
DIODE WITH SURFACE EMITTING LASER," tied con- 
currently herewith, and which is hereby incorporated by 

Claims 

1. A method for producing spots of a controlled size on 
an image bearing medium in a laser-based image 
forming apparatus having an array of lasers, said 
method comprising: 

(a) receiving image information indicating an 
image to be scanned onto an image bearing 
member [52]; 

(b) driving a plurality of the lasers in accordance 
with the image information [54]; 

(c) obtaining output intensity feedback informa- 
tion by monitoring an intensity output from each 
of the plurality of the lasers [56]; 

(d) adjusting the driving energy values of the 
plurality of lasers in accordance with the output 
intensity feedback information [58]; and 

(e) scanning the array of calibrated lasers onto 
the image bearing member to produce spots of 
a controlled size. 

2. A method as recited in claim 1 , wherein said adjust- 
ing (a) comprises: 

(d1) determining a desired intensity output 
value for at least one of the plurality of lasers 
based on the image information and photore- 
sponse characteristics of the image bearing 
member; 

(d2) comparing the desired intensity output 
value for the least one of the plurality of lasers 
with the monitored intensity output tor the par- 
ticular laser; and 

(d3) adjusting the driving energy value tor the at 
least one of the plurality of lasers based on said 
comparing (d2). 

3. A method as recited in dam 2, wherein said adjust- 
ing (d3) comprises: 

increasing the driving energy value for the at 
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intensity output is substantially greater than the 
desired intensity output 

& An image forming apparatus, comprising: 
5 an image bearing member for forming an 

image thereon, said image bearing member having 
photoresponse characteristics: 

an array of surface emitting lasers [32] for pro- 
ducing Bght beams* each of the lasers producing a 
io Bght beam; 

monitoring means for monitoring intensity of 
each of the laser beams being produced by said 
array of lasers [32] to produce a feedback intensity 
value for each of the laser beams; 
15 a dot size control unit for corrtroOing the size 

of the dots produced by each of the lasers [32] by 
driving the lasers [32] in accordance with the feed- 
back intensity value associated therewith; and 

a scanning system disposed to utilize the light 
2D beams to produce a plurafity of scan lines on the sur- 
face of said image bearing member. 

9. An image forming apparatus as recited in claim 8, 
wherein said dot size control unit comprises: 
25 means for receiving image information indi- 

cating an image to scanned; 

means for receiving the feedback intensity 
values for the laser beams produced by driving the 
lasers; and 

30 means for adjusting the driving energy values 

of the lasers in accordance with the image informa- 
tion and the associated feedback intensity values- 



least one of the plurality of lasers if the monitored 
intensity output is substantially betow the desired 
intensity output; and 

decreasing the driving energy value for the at 
least one of the plurality of lasers if the monitored 
intensity output is substantially greater than the 
desired intensity output 

4. A method for calibrating an array of lasers tor an 
image forming apparatus, said method comprising: 

(a) monitoring a plurafity of the lasers using pho- 
todetector units to produce output intensity 
data;, 

(b) comparing the output intensity data from 
each of the plurality of lasers with the rest of the 
plurality of lasers* said comparing producing 
comparison information; and 

(c) calibrating the plurafity of the lasers with one 
another in accordance with the comparison 
information. 

5. A method as recited in claim 4, where*! said method 
further produces spots of a controlled size on an 
image bearing medium in the image forming appa- 
ratus, 

wherein said cafibrating (c) pro du ces caftra- 
tion information, and 

wherein said method further comprises: 

(d) receiving image information indicating an 
image to be scanned onto the image bearing 
member; and 

(e) thereafter driving the plurafity of the lasers 
in accordance with the image information and 
me caDDranon irnormsnon. 

£t A ... I, Hi ,. ,1 n :t nr | n I n * n n CT ii - - - • , it-i_ri_i J 

Dw a metnoo as recited m ctaim o, wnereai said memoo 
further comprises: 

(f) obtaining output intensity feedb ac k a forma- 
tion by monitoring an intensity output from each 
of the plurality of the lasers; 

(g) adjusting the driving energy values of the 
plurality of lasers in accordance with the output 
intensity feedback information; and 

(h) scanning the array of calibrated lasers onto 
the image bearing member to produce spots of 
a controlled size. 

7. A method as recited in claim 6, wherein said adjust- 
ing (g) comprises: 

increasing the driving energy value tor the 
least one of the plurality of lasers if the monitored 
intensity output is substantially below the desired 
intensity output; and 

decreasing the driving energy value for the 
least one of the plurality of lasers if the monitored 



10. An Image forming apparatus as recited in claim 8, 
36 wherein said dot size control unit comprises calibra- 
tion means for caifcrating the size of the dots pro- 
duced by each of the lasers in accordance with the 
feedback intensity values. 
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RECEIVE CALIBRATION INFORMATION 
FOR EACH OF THE LASERS 



DETERMINE DRIVING ENERGY VALUES 
FOR EACH OF THE LASERS BASED ON 
THE IMAGE INFORMATION AND THE 
CALIBRATION INFORMATION 



MONITOR OUTPUT INTENSITY DATA 
FROM EACH OF THE LASERS 



72 



ADJUST THE DRIVING ENERGY VALUES 
OF EACH OF THE LASERS TO THE 
EXTENT NECESSARY BASED ON THE 
MONITORED OUTPUT INTENSITY DATA 



FIG. 5 
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